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KHDUWVRXQGV)+66LVFDXVHGGXHWRFORVXUHRIDWULRYHQWULFXODUYDOYHV6LVFDXVHGGXHWRFORVXUHRIVHPLOXQDU
YDOYHV6DQG6DUHUDUHUKHDUWVRXQGVZKLFKDUHQRWQRUPDOO\DXGLEOHDQGDUHVRPHWLPHVYLVLEOHRQWKHJUDSKLFDO
UHFRUGLQJLHSKRQRFDUGLRJUDP7KHSHULRGIURPEHJLQQLQJRIRQHKHDUWEHDWWRWKHQH[WRQHLVNQRZQDVWKHFDUGLDF
F\FOH,QRWKHUZRUGVWKHLQWHUYDOEHWZHHQVWDUWRI6WRVWDUWRIQH[W6LVFDOOHGFDUGLDFF\FOH7KHUHJLRQEHWZHHQ
6DQGVWDUWLQJRI6RIVDPHKHDUWF\FOHLVFDOOHGV\VWROLFUHJLRQDQGWKHUHJLRQEHWZHHQ6DQGVWDUWLQJRI6RI
QH[WKHDUWVRXQGF\FOHLVFDOOHGGLDVWROLFUHJLRQ7KHGXUDWLRQSLWFKVKDSHHWFRIKHDUWVRXQGVWHOOVRULQGLFDWHVXV
DERXWWKHGLIIHUHQWFRQGLWLRQVRIWKHKHDUW6RPHWLPHVXQXVXDOVRXQGVDSSHDULQWKHKHDUWVRXQGVZKLFKDUHFDOOHG
PXUPXUVDQGPD\LQGLFDWHVRPHDEQRUPDOLWLHVLQWKHKHDUW7KHPXUPXUVFDQEHFODVVLILHGLQWRV\VWROLFPXUPXUV
GLDVWROLFPXUPXUVDQGFRQWLQXRXVPXUPXUVEDVHGXSRQWKHLUORFDWLRQRIRFFXUUHQFH0XUPXUVZKLFKRFFXUGXULQJ
V\VWROLF UHJLRQDUHNQRZQDV V\VWROLFPXUPXUVDQG WKRVHRFFXUULQJGXULQJGLDVWROLF UHJLRQDUHNQRZQDVGLDVWROLF
PXUPXUV0XUPXUVZKLFKRFFXUWKURXJKRXWWKHFDUGLDFF\FOHDUHFDOOHGFRQWLQXRXVPXUPXUV,QWKLVVWXG\WKHKHDUW
VRXQGVKDYHEHHQFODVVLILHGLQWRWKUHHFODVVHVQDPHO\QRUPDOVLJQDOV\VWROLFPXUPXUVLJQDODQGGLDVWROLFPXUPXU
VLJQDOVHHILJXUHV7KHV\VWROLFPXUPXUPD\EHFDXVHGGXHWRVWHQRVLVRIVHPLOXQDUYDOYHVRUUHJXUJLWDWLRQ
RIWKHDWULRYHQWULFXODUYDOYHVDQGFDXVHVRIGLDVWROLFPXUPXUVLQFOXGHDRUWLFDQGSXOPRQDU\YDOYHUHJXUJLWDWLRQDQG
PLWUDODQGWULFXVSLGYDOYHUXPEOHV3UHYLRXVO\YDULRXVVWXGLHVKDYHEHHQFDUULHGRXW IRUFODVVLILFDWLRQ DQGIHDWXUH
H[WUDFWLRQRIWKH3&*VLJQDO
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0DQ\VWXGLHVKDYHEHHQGRQHRQ3&*VLJQDOVRIDU7KHUHVHDUFKRQWKLVWRSLFGHFUHDVHGZLWKWKHDGYHQWRIQHZ
WHFKQLTXHV OLNH (FKRFDUGLRJUDSK\ (&* %XW QRZDGD\V UHVHDUFK LQ WKLV ILHOG KDV LQFUHDVHG DJDLQ GXH WR
LPSURYHPHQWV LQ VLJQDO SURFHVVLQJ WHFKQLTXHV DQG QHZ JHQHUDWLRQ SHUVRQDO FRPSXWHUV >@ 5HVHDUFKHUV KDYH
H[WUDFWHGYDULRXVIHDWXUHVLQGLIIHUHQWGRPDLQVXVLQJZDYHOHWWUDQVIRUPV))7HWFDQGKDYHFODVVLILHGWKH3&*VLJQDO
LQWRYDULRXVFODVVHV0DQ\UHVHDUFKHUVKDYHGRQHYDULRXVVWXGLHVRQ3&*VLJQDO>@)ROORZLQJDUHVRPHRIWKH
UHODWHGZRUNVGRQHE\YDULRXVUHVHDUFKHUV
1LJDPHWDOSURSRVHGDPHWKRGLQZKLFKZDVDEOHWRORFDWHV\VWROLFPXUPXUVLQWKH3&*VLJQDOVDQGZDV
EDVHG RQ WKHLU YLVXDO VLPSOLFLW\ 7KHLU DEVROXWH DPSOLWXGH DQG IUHTXHQF\ FKDUDFWHULVWLFV ZHUH LQGHSHQGHQW RI WKH
YLVXDOVLPSOLFLW\7KHDSSURDFKXVHGZDVIX]]\FOXVWHULQJ7KHDFFXUDF\RIZDVDFKLHYHGLQGHWHFWLQJV\VWROLF
PXUPXUV >@ ,Q $UL HW DO FODVVLILHG QRUPDO DQG DEQRUPDO KHDUW VRXQGV ZLWK OHDVW VTXDUH VXSSRUW YHFWRU
PDFKLQH/6690DVDFODVVLILHUXVLQJZDYHOHWEDVHGIHDWXUHVHW5HVXOWVVKRZHGWKDWWKHSURSRVHGWHFKQLTXHKDG
JUHDWHU DFFXUDF\ WKDQ VWDQGDUG 690 DQG FODVVLFDO OHDVW VTXDUH 690 >@ &KRL HW DO  SURSRVHG D QRYHO
FDUGLDF VRXQG VSHFWUDO DQDO\VLV PHWKRG XVLQJ WKH QRUPDOL]HG DXWRUHJUHVVLYH SRZHU VSHFWUDO GHQVLW\ 1$536'
FXUYH ZLWK WKH VXSSRUW YHFWRU PDFKLQH 690 WHFKQLTXH IRU FODVVLI\LQJ WKH FDUGLDF VRXQG PXUPXUV $OVR WZR
GLDJQRVWLF IHDWXUHV)PD[DQG)ZLGWKZHUHSURSRVHGZKLFKGHVFULEHG WKHPD[LPXPSHDNRI1$536'FXUYHDQG
WKHIUHTXHQF\ZLGWKEHWZHHQWKHFURVVHGSRLQWVRI1$536'FXUYHRQDVHOHFWHGWKUHVKROGYDOXH>@$NEDULHWDO
LQ  SURSRVHG D QHZ DQDO\WLFDO WHFKQLTXHZKLFK KH QDPHG DV'LJLWDO 6XEWUDFWLRQ3KRQRFDUGLRJUDSK\ '63
7KLVWHFKQLTXHLVEDVHGRQWKHSULQFLSOHWKDWWKHPXUPXUVDUHUDQGRPLQQDWXUHEXWWKH)XQGDPHQWDO+HDUW6RXQGV
)+6DUHGHWHUPLQLVWLFLQQDWXUH7KHGLIIHUHQFHEHWZHHQWKHDFRXVWLFHPLVVLRQVRIWZRVXFFHVVLYHKHDUWEHDWVZDV
VLPSO\WDNHQDQGPXUPXUJUDPZDVFRQVWUXFWHG,WZDVIRXQGWKDWIRUQRUPDOFDVHVWKHPXUPXUJUDPVKRXOGEHIODW
EHWZHHQ WKH )+6 EXW IRU DEQRUPDO FDVHV LH KHDUW VRXQGVZLWKPXUPXUV WKLV ZDVQ¶W WKH FDVH > @ ,Q 
'HEEDO HW DO XVHG &RQWLQXRXV :DYHOHW 7UDQVIRUP &:7 +H VWXGLHG QRUPDO DQG DEQRUPDO 3KRQRFDUGLRJUDP
  
DEF
)LJXUHD$QRUPDO3&*VLJQDOE3&*VLJQDOZLWKV\VWROLFPXUPXUF3&*VLJQDOZLWKGLDVWROLFPXUPXU
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VLJQDOV DQG H[WUDFWHG IHDWXUHV LQ WLPHIUHTXHQF\GRPDLQ DQG WKHLU VFDORJUDPVZHUHSORWWHG ,WZDV VHHQ WKDW WKH\
H[KLELWHGQRWLFHDEOHPRUSKRORJLFDOGLIIHUHQFHVLQWHUPVRIGXUDWLRQDQGVSHFWUDOFRPSRVLWLRQRIVRXQGV>@6DIDUD
HWDOSURSRVHGPXOWLOHYHOEDVLVVHOHFWLRQ0/%6LQ7KHFODVVLILFDWLRQZDVGRQHEHWZHHQQRUPDOKHDUWVRXQG
VLJQDODQGWKUHHNLQGVRIPXUPXUVLJQDOVPLWUDOUHJXUJLWDWLRQDRUWLFUHJXUJLWDWLRQDQGDRUWLFVWHQRVLV,WZDVIRXQG
RXW WKDW DQ DFFXUDF\ RI  ZDV DFKLHYHG XVLQJ 0/%6 >@ ,Q  6LQJK HW DO SURSRVHG D PHWKRG WR
GLVWLQJXLVKEHWZHHQQRUPDODQGDEQRUPDOKHDUWVRXQGVEDVHGRQIHDWXUHH[WUDFWLRQ1R(&*JDWLQJZDVXVHGDQGD
QHZ IHDWXUH µPHDQ¶ LHPD[LPXPRIPHDQ LQ V\VWROLF UHJLRQ DQGGLDVWROLF UHJLRQZDVSURSRVHG&ODVVLILFDWLRQ
DFFXUDF\ZDVFDOFXODWHGZLWKDQGZLWKRXWWKLVQHZIHDWXUHDQGLWZDVVHHQWKDWWKHDFFXUDF\ZDVLQFUHDVHGZKHQWKLV
IHDWXUHZDVXVHGIRUFODVVLILFDWLRQ+LJKHVWDFFXUDF\RIZDVDFKLHYHG>@

0HWKRGRORJ\
$VZHNQRZWKDWKHDUWVRXQGVLJQDOJLYHVXVYDOXDEOHLQIRUPDWLRQDERXWWKHKHDUWFRQGLWLRQWKH3&*VLJQDOLV
FDSDEOH RI GLDJQRVLQJ YDULRXV KHDUW GLVHDVHV DW DQ HDUOLHU VWDJH 7KHUHIRUH VLJQDO SURFHVVLQJ WHFKQLTXHV FDQ EH
HPSOR\HGWRSURFHVVWKH3&*VLJQDOVWRZDUGVLPSURYLQJWKHDFFXUDF\RIGLDJQRVLV>@7KHYDULRXVVWDJHVWKDWDUH
LQYROYHGLQKHDUWVRXQGDQDO\VLVDUHVLJQDODFTXLVLWLRQIHDWXUHH[WUDFWLRQIHDWXUHUHGXFWLRQDQGFODVVLILFDWLRQ
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6LJQDO$FTXLVLWLRQ
3&* VLJQDO LV D YRLFH VLJQDO ZKLFK LV UHFRUGHG XVLQJ WKH HOHFWURQLF VWHWKRVFRSH 6RPHWLPHV SUHSURFHVVLQJ LV
GRQHRQWKHDFTXLUHGVLJQDO7KHVLJQDOPD\EHILOWHUHGQRUPDOL]HGVFDOHGRUVHJPHQWHGIRUIXUWKHUDQDO\VLV,QWKLV
VWXG\WKHVL]HRIGDWDVHWLVRIVDPSOHVRXWRIZKLFKDUHQRUPDO3&*VLJQDOVDUHZLWKV\VWROLFPXUPXU
DQGWKHUHPDLQLQJDUHZLWKGLDVWROLFPXUPXUV7KHVLJQDOVZHUHILUVWGLYLGHGLQWRLQGLYLGXDOKHDUWF\FOHVXVLQJ
:DY3DG6RXQGHGLWRUE\1&+6RIWZDUH7KHSXEOLFDOO\DYDLODEOHGDWDEDVHKDVEHHQXVHG LQ WKHVWXG\>@7KLV
GDWDEDVHZDVUHFRUGHGGXULQJFOLQLFWULDOLQKRVSLWDOVXVLQJWKHGLJLWDOVWHWKRVFRSH'LJL6FRSH
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7KH VXIIL[  DQG  XVHG GHQRWH WKH IHDWXUH YDOXH LQ V\VWROLF UHJLRQ DQG GLDVWROLF UHJLRQ UHVSHFWLYHO\ 0DQ\
GLIIHUHQW IHDWXUHVKDYHEHHQH[WUDFWHGLQGLIIHUHQWVWXGLHV)HDWXUHVWKDWKDYHQRWEHHQXVHGLQHDUOLHUVWXGLHVKDYH
EHHQH[SODLQHG506LVGHILQHGDVWKHVTXDUHURRWRIPHDQRIVTXDUHRIWKHZDYHIRUP$VPDOOYDULDQFHLQGLFDWHV
WKDWWKHGDWDSRLQWVWHQGWREHYHU\FORVHWRWKHPHDQDQGKHQFHWRHDFKRWKHUZKLOHDKLJKYDULDQFHLQGLFDWHVWKDW
WKH GDWD SRLQWV DUH YHU\ VSUHDG RXW DURXQG WKHPHDQ DQG IURP HDFK RWKHU ,0' LV WKH DPSOLWXGH PRGXODWLRQ RI
VLJQDOVFRQWDLQLQJWZRRUPRUHGLIIHUHQWIUHTXHQFLHVLQDV\VWHPZLWKQRQOLQHDULWLHV&UHVWIDFWRU LVGHILQHGDVWKH
UDWLRRISHDNYDOXHWR506YDOXHRIDZDYHIRUP+LJKHUFUHVWIDFWRULQGLFDWHSHDNV'\QDPLFUDQJHLVWKHUDWLRRI
PD[YDOXH WR WKHPLQLPXPYDOXH LQDZDYHIRUP0D[LV WKHPD[LPXPYDOXHRI WKHVLJQDO7D LV WLPH LQV\VWROLF
UHJLRQVWDUWLQJIURP6WLOOWKHPXUPXUODVWV7ELVWLPHLQGLDVWROLFUHJLRQVWDUWLQJIURP6WLOOWKHPXUPXUODVWV

)HDWXUH5HGXFWLRQ
)HDWXUHUHGXFWLRQLVWKHWKLUGVWDJHRIWKHPHWKRGRORJ\XVHG,QWKLVVWDJHRXWRIWKHH[WUDFWHGIHDWXUHVDIHZDUH
VHOHFWHG VR WKDW PLVOHDGLQJ DQG UHGXQGDQW IHDWXUHV DUH UHPRYHG DQG LW DOVR UHGXFHV WKH GLPHQVLRQDOLW\ DQG
FRPSXWDWLRQDOORDG,WLVRQHRIWKHLPSRUWDQWVWDJHVVRWKDWFODVVLILFDWLRQLVGRQHSURSHUO\DQGZLWKKLJKHUDFFXUDF\
,Q WKLVVWXG\ IHDWXUHVZHUHSORWWHGDJDLQVWHDFKRWKHU WRVHHZKLFK IHDWXUHVDUHFDSDEOHRI VHSDUDWLQJ WKHFODVVHV
$OVR )LVKHU¶V 'LVFULPLQDQW 5DWLR )'5 LV FDOFXODWHG EHWZHHQ IHDWXUHV RI WZR FODVVHV )'5 LV GHILQHG E\ WKH
IROORZLQJHTXDWLRQ
ܨܦܴ ൌ
ȁߤଵ െ ߤଶȁଶ
ߪଵଶ ൅ ߪଶଶ
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,Q HTXDWLRQ  DQG ı UHSUHVHQWV WKHPHDQ DQG VWDQGDUG GHYLDWLRQ RI D IHDWXUH DQG WKH VXEVFULSWV  DQG 
UHSUHVHQWFODVVRIWKHVLJQDO)RUWKLVVWXG\)'5KDVEHHQFDOFXODWHGEHWZHHQQRUPDOV\VWROLFQRUPDOGLDVWROLFDQG
V\VWROLFGLDVWROLFVLJQDOVDQGWKRVHIHDWXUHVDUHVHOHFWHGZKLFKKDYHKLJKHUYDOXHRI)'5

7DEOH7DEOHVKRZLQJYDOXHRI)'5UDWLRFDOFXODWHGIRUHDFKIHDWXUH

61R )HDWXUH1DPH 1RUPDO'LDVWROLF 1RUPDO6\VWROLF 6\VWROLF'LDVWROLF
 3HDNIUHTXHQF\   
 3HDNDPSOLWXGH   
 7RWDOSRZHU   
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V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 4IDFWRUV   
 3HDNIUHTXHQF\S   
 %:S   
 4IDFWRUS   
 7D   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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7DEOH/LVWRIIHDWXUHVWKDWKDYHEHHQVHOHFWHGIRUFODVVLILFDWLRQDIWHUIHDWXUHUHGXFWLRQVWDJH

5DQN )HDWXUH1DPH 


7D
0D[

 7E 




506
506
0D[
.XUWRVLV


&ODVVLILFDWLRQ
7KH ODVWVWDJH LV WKHFODVVLILFDWLRQVWDJH ,Q WKLVVWDJH WKH VHOHFWHGIHDWXUHVDUHXVHG WRFODVVLI\ WKH VLJQDOV LQWR
WKHLU SUHGHILQHG FODVVHV7R FODVVLI\ VLJQDOV LQWR WKH WKUHH FODVVHV QDPHO\ QRUPDO V\VWROLF DQGGLDVWROLFGLIIHUHQW
FODVVLILHUVKDYHEHHQXVHGOLNH
 N11NQHDUHVWQHLJKERXUV
 )X]]\N11
 $11$UWLILFLDOQHXUDOQHWZRUN
7KHGDWDVHWLVGLYLGHGLQWRWUDLQLQJVHWDQGWKHWHVWVHW7UDLQLQJVHWFRQVLVWVRIVLJQDOVDQGWKHWHVWVHWFRQVLVWV
RIVLJQDOV)LUVWWUDLQLQJRIFODVVLILHULVGRQHXVLQJWKHWUDLQLQJVHWDQGWKHQWHVWLQJLVGRQHXVLQJWKHWHVWVHWDQG
WKHDFFXUDF\LVFDOFXODWHGIROGFURVVYDOLGDWLRQZDVGRQHWRFDOFXODWHWKHDFFXUDF\IRUHDFKRIWKHFODVVLILHU

5HVXOWV
'LIIHUHQWDFFXUDFLHVDUHREWDLQHGXVLQJGLIIHUHQWFODVVLILHUV:KHQN11FODVVLILHULVXVHGWKHYDOXHRINLVYDULHG
DQGGLIIHUHQW DFFXUDFLHV DUH REWDLQHGZKLFK DUH VKRZQ LQ )LJXUH7KH IROG FURVVYDOLGDWLRQKDVEHHQ XVHG WR
FDOFXODWH WKH DFFXUDF\ DW HDFK YDOXH RI N VHH )LJXUH  DQG  ,W LV REVHUYHG WKDWPD[LPXP DFFXUDF\ RI 
RFFXUVDWN :KHQZHXVHIX]]\N11FODVVLILHUWKHPD[LPXPDFFXUDF\DFKLHYHGLVRIDWN DQG$OVR
$11 FODVVLILHU ZDV XVHG ZLWK  LQSXW QHXURQV RQH KLGGHQ OD\HU ZLWK  QHXURQV DQG DQ RXWSXW OD\HU ZLWK WKUHH
QHXURQV)HHGIRUZDUG%DFNSURSDJDWLRQQHXUDOQHWZRUNZDVXVHGZLWKWUDLQOPDVWKHWUDLQLQJIXQFWLRQ7KHWUDQVIHU
IXQFWLRQ XVHG ZDV /RJVLJ ORJDULWKPLF VLJPRLGDO IXQFWLRQ 06( PHDQ VTXDUH HUURU ZDV FKRVHQ DV WKH
SHUIRUPDQFHIXQFWLRQ$FFXUDF\RIZDVDFKLHYHGDIWHUIROGFURVVYDOLGDWLRQXVLQJ$11DVDFODVVLILHU



)LJXUHIROGYDOLGDWLRQDQGDYHUDJHDFFXUDF\XVLQJN11DVDFODVVLILHU

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

)LJXUHIROGYDOLGDWLRQDQGDYHUDJHDFFXUDF\XVLQJIX]]\N11DVDFODVVLILHU
&RQFOXVLRQ
3&* VLJQDOV DUH FDSDEOH RI LQGLFDWLQJ WKH KHDUW SUREOHP DW DQ HDUOLHU VWDJH ZKLFK FDQ EH YHU\ XVHIXO LQ
SUHYHQWLQJIDWDOLW\GXHWRKHDUWSUREOHPV5HVHDUFKLQWKLVDUHDFDQEHYHU\KHOSIXOIRUHDV\DQGHDUOLHUGLDJQRVLVRI
YDULRXV KHDUW GLVHDVHV ,Q WKLV VWXG\ WKH 3&* VLJQDOV ZHUH FODVVLILHG LQWR WKUHH FODVVHV QDPHO\ QRUPDO V\VWROLF
PXUPXUDQGGLDVWROLFPXUPXUVLJQDO9DULRXVWLPHGRPDLQIUHTXHQF\GRPDLQDQGVWDWLVWLFDOIHDWXUHVZHUHH[WUDFWHG
WRFODVVLI\WKHPLQWRWKHSUHGHILQHGFODVVHVDFFXUDWHO\7ZRQHZIHDWXUHV0D[DQG0D[KDYHEHHQSURSRVHGLQ
WKLVVWXG\IRUFODVVLILFDWLRQRIVLJQDOVZLWKKLJKHUDFFXUDF\7KHKLJKHVWDFFXUDF\RIZDVDFKLHYHGE\XVLQJN
11DQG)X]]\N11DVFODVVLILHUDQGDFFXUDF\ZDVDFKLHYHGXVLQJ$11DVFRPSDUHGWRDFKLHYHG
XVLQJ1DLYH%D\HVFODVVLILHU LQZKLFKFODVVLILFDWLRQZDVGRQH LQWR WZRFODVVHVQDPHO\QRUPDO VLJQDODQGPXUPXU
VLJQDO>@
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